Introduction {#section0005}
============

While a descriptive study on disease burden at a single point of time in a given area is useful for planning, it would be more informative to see the dynamics. Few Western studies have reported the association between premature mortality burden and time.[@bib1], [@bib2] Relatively little is known in developing countries due to the quality of the vital registration systems.

In China, along with rapid economic growth (per-capita gross domestic product increased at an average of 8.3% per year from 1979 to 2004) and an impressive increase in life expectancy at birth (average life expectancy at birth reached 71.8 years in 2004, compared with 35 years in 1949) over the past decades,[@bib3] epidemiological transition of the pattern of disease is well underway.[@bib4] However, to the authors' knowledge, there have been no reports on the actual magnitude of the premature mortality burden since the introduction of a well-organized death registration system.

China has designated certain areas for surveillance of birth and death statistics, in which registration has been enhanced over the past decade. In south-west China, Guan Du district is one of these areas. Guan Du is a suburban region of Kunming, the capital of Yunnan province. China is a multi-ethnic country and has 56 ethnicities. Yunnan province is a multi-ethnic area with 52 ethnic groups, and is one of the poorest provinces in China. This study population is representative of the poor population in China. A computerized death registration system was established in 1998, which is validated for completeness every 3 years in this region. In 2003, Guan Du had a population of 335,622 (178,099 males and 157,523 females), with 17 townships and 157,604 families. The total area was 1025 km^2^. The major sources of income in this region are grain, vegetables and flowers. The per-capita income among peasants was USD\$675.[@bib5] From 1998 to 2003, the proportion of the population who were illiterate or semi-literate declined from 15.3% to 6.7%,[@bib5], [@bib6] and the per-capita income among peasants increased steadily at an average rate of 13% per year.[@bib5], [@bib6] The local government has invested increasing public health expenditure on disease prevention and control, particularly for prevention and curative programmes for specific diseases (tuberculosis, endemic diseases, human immunodeficiency virus/acquired immunodeficiency syndrome, severe acute respiratory syndrome, etc.). Since 1984, an immunization system has been in place in Kunming to immunize and monitor diseases routinely. Kunming has engaged in health promotion through some educational programmes and by establishing smoking-free public areas.

This study was undertaken to examine the short-term trend in premature mortality burden from common causes of death in terms of years of life lost (YLL) in a suburban region of Kunming between 1998 and 2003. This may assist future decisions in health planning for this region.

Methods {#section0010}
=======

Study population {#section0015}
----------------

In 1998, the total population in the study region was 307,778 (165,072 males, 142,707 females), and this increased to 335,622 (178,099 males, 157,523 females) by 2003. Migration rates were low; the immigration rate was 0.10 per 1000 population per year (range 0.08--0.11 per 1000), and the emigration rate was 0.11 per 1000 population per year (range 0.10--0.12 per 1000).

Data source {#section0020}
-----------

The mortality data for 1998--2003 were based on medical death certificate information, obtained from the Center for Disease Control in Guan Du. In order to avoid misclassification of cause of death, all death certificates were verified on the underlying cause of death by two independent physicians who had been working on death certification for over 20 years. Any discrepancies were reviewed to obtain consensus.

The age and gender breakdown of the population between 1998 and 2003 were obtained from Guan Du statistics office.

Death certificate data were grouped by underlying cause of death, as defined in the Global Burden of Disease (GBD) study.[@bib7] The underlying cause of death was coded using International Classification of Diseases (9th revision) codes. Overall mortality in the study region was divided into three broad groups of causes: Group I, communicable, maternal, prenatal and nutritional deficiencies; Group II, non-communicable diseases; and Group III, all injuries. These groups were then further subdivided into more than 100 specific causes of death.[@bib7]

Calculation of years of life lost {#section0025}
---------------------------------

Premature mortality was estimated in terms of YLL. This is one of the methods used to estimate the duration of time lost due to premature death; it is the mortality component of disability-adjusted life years.[@bib8]

The formula for YLL is:$$\mathit{YLLs}\lbrack r,K\rbrack = \frac{\mathit{KC}e^{\mathit{ra}}}{(r + \beta)^{2}}\left\{ e^{- (r + \beta)(L + a)}\lbrack - (r + \beta)(L + a) - 1\rbrack - e^{- (r + \beta)a}\lbrack - (r + \beta)a - 1\rbrack \right\} + \frac{1 - K}{r}(1 - e^{- \mathit{rL}})\text{,}$$where *K* is the age-weighting modulation factor, *C* is the age-weighting correction constant, *r* is the discounting rate, *a* is the age at death, *β* is a parameter from the age-weighting function, and L is standard life expectancy at age *a* from the national life table.

In the GBD study, YLL incorporated an age-weighting factor that takes into account the higher social value given to young adults in most societies, and added a discounting factor (social time preference) to reflect the fact that most individuals prefer benefits now rather than in the future. YLL includes age weighting of the form: *Cxe* ^*−βx*^, where *C* is a constant included so that the incorporation of unequal age weightings will not change the total estimated YLL burden, and *β* is a parameter that controls the shape of the age-weighting function, such that the maximum value of the function is reached at 1/*β* (for the GBD study, *β* was assigned a value of 0.04, so that the maximum value is at 25 years of age). When *K* is set equal to zero, the age weights are equivalent at all ages.

Consistent with the standard GBD approach,[@bib7] *C* was assigned a value of 0.1658 (this parameter controls the maximum height). This study calculated YLL with a 3% discounting rate per year. As China traditionally values living years in elderly and children, age weighting was not used in this study, so *K* was assigned a value of 0. To maintain comparability with other studies, YLL was calculated using the life tables provided in the GBD study, the model life table, West Level 26.[@bib9] In this table, life expectancy at birth is 82.5 years for females and 80 years for males.

Rate calculations {#section0030}
-----------------

YLL rate per 1000 population and age-specific mortality rate per 100,000 population were calculated using the district population for the particular years. A direct standardization method was used to calculate both age-adjusted YLL and age-adjusted mortality rate to facilitate comparison of different years. The total population for the 6-year study was used as the standard population.

Statistical analysis {#section0035}
--------------------

Descriptive statistics were used to analyse YLL by cause, sex and year, and to rank the top 10 causes of YLL for 1998--2003. Trend data were plotted on graphs to illustrate annual changes.

Results {#section0040}
=======

In total, 11,533 deaths (6324 males, 5209 females) were registered in this region between 1998 and 2003.

[Table 1](#tbl1){ref-type="table"} shows age-adjusted mortality rates and YLL in the study region for 1998--2003. Both mortality rate and YLL increased between 1998 and 2000, and decreased between 2001 and 2003. The rates were higher in males than females across these 6 years.Table 1Age-adjusted mortality and years of life lost (YLL) by sex and year in a suburban region of Kunming.YearMortality[a](#tblfn1a){ref-type="table-fn"}YLL[b](#tblfn1b){ref-type="table-fn"}MaleFemaleAllMaleFemaleAll1998625.8623.9622.286.385.286.01999635.8612.6625.089.981.686.22000656.6628.4644.996.085.591.32001590.3579.3585.784.281.983.52002574.4573.9574.278.176.477.82003566.1558.2563.876.775.976.5[^1][^2]

[Table 2](#tbl2){ref-type="table"} compares YLL by broad-cause groups and by year. From 1998 to 2003, the rate of Group I conditions was reduced by a half (from 4.7 to 2.4 per 1000 population) and the rate of Group III conditions was reduced by 18.5%. On the other hand, Group II conditions, which accounted for over 80% of the total YLL throughout the observed period, increased by 2.7%.Table 2Mortality burden by cause and year in a suburban region of Kunming.YearGroup I[a](#tblfn2a){ref-type="table-fn"}Group II[b](#tblfn2b){ref-type="table-fn"}Group III[c](#tblfn2c){ref-type="table-fn"}YLLAge- and sex-adjusted YLL per 1000 population%YLLAge- and sex-adjusted YLL per 1000 population%YLLAge- and sex-adjusted YLL per 1000 population%199815014.75.422,13166.480.3392912.414.3199910883.84.121,83967.481.6387112.314.3200010523.63.922,10367.581.9386012.214.2200110023.13.822,27167.782.5374312.113.720028702.73.520,92168.083.3332310.213.220038002.43.121,68468.283.8342410.113.1[^3][^4][^5]

Most of the top 10 causes of death were Group II and Group III conditions ([Table 3](#tbl3){ref-type="table"} ). Chronic obstructive pulmonary disease (COPD), stroke and ischaemic heart disease (IHD) were the top three causes of death in each of the study years, while the ranking of the 10 leading causes of death varied slightly in the same period.Table 3Top 10 causes of age-adjusted years of life lost (per 1000 population) in a suburban region of Kunming, 1998--2003.Cause of death1998 (rank)1999 (rank)2000 (rank)2001 (rank)2002 (rank)2003 (rank)Chronic obstructive pulmonary disease17.6 (1)17.2 (1)16.8 (2)15.9 (2)15.1 (2)14.3 (2)Stroke14.7 (2)17.1 (2)17.4 (1)16.7 (1)15.4 (1)15.4 (1)Ischaemic heart disease4.3 (3)4.7 (3)4.9 (3)5.2 (3)6.0 (3)6.4 (3)Self-inflicted injuries3.6 (4)4.5 (4)3.4 (5)4.5 (4)3.2 (4)3.0 (5)Road traffic accidents3.3 (5)3.2 (5)3.0 (6)2.9 (5)2.7 (5)2.5 (7)Lung cancer3.1 (6)3.2 (6)3.9 (4)2.4 (6)2.5 (7)3.6 (4)Drug use2.9 (7)2.7 (9)2.6 (7)2.3 (8)1.7 (10)1.5 (10)Stomach cancer2.4 (8)1.6 (8)2.1 (9)2.4 (7)2.4 (8)1.8 (8)Liver cancer2.3 (9)2.2 (7)2.2 (8)1.8 (9)2.6 (6)2.6 (6)Other malignant neoplasms2.1 (10)2.0 (10)1.9 (10)1.8 (10)2.0 (9)1.7 (9)

[Table 4](#tbl4){ref-type="table"}, [Table 5](#tbl5){ref-type="table"} and [Figure 1](#fig1){ref-type="fig"}, [Figure 2](#fig2){ref-type="fig"} should be considered together to determine the trends in these diseases by sex. Among the top three causes of death, COPD showed a steadily declining rate in both sexes (with a sharper decline in males); the steadily increasing trend in IHD was consistent in both sexes with a slightly higher rate in males; and stroke reached its peak in 1999/2000 followed by a decline in males and a slight increase in females. Two (male-dominant) causes of death, drug use and road traffic accidents (RTAs), had a steadily declining trend in males but a less marked decline in females. The mortality burden from self-inflicted injuries was higher among females, although the rates in both sexes fluctuated.Table 4Age-adjusted years of life lost (per 1000 population) by cause of death in a suburban region of Kunming (males), 1998--2003.Cause of death1998 (rank)1999 (rank)2000 (rank)2001 (rank)2002 (rank)2003 (rank)Chronic obstructive pulmonary disease17.2 (1)17.0 (1)16.8 (2)15.5 (2)14.4 (2)13.5 (2)Stroke13.7 (2)16.7 (2)17.2 (1)15.6 (1)14.5 (1)14.4 (1)Ischaemic heart disease4.7 (5)4.8 (3)5.0 (4)5.7 (3)6.4 (3)6.7 (3)Self-inflicted injuries3.0 (7)4.3 (7)2.7 (7)3.7 (6)2.7 (6)2.2 (7)Road traffic accidents4.9 (4)4.4 (6)4.4 (6)3.9 (5)3.4 (5)3.3 (5)Lung cancer4.2 (6)4.5 (5)5.2 (3)3.4 (7)3.6 (4)4.9 (4)Drug use5.0 (3)4.7 (4)4.5 (5)4.1 (4)2.9 (8)2.1 (8)Stomach cancer2.2 (9)1.9 (9)1.9 (9)2.3 (9)2.8 (9)1.8 (9)Liver cancer2.5 (8)2.5 (8)2.6 (8)2.7 (8)2.9 (7)3.1 (6)Other malignant neoplasms2.2 (10)1.8 (10)1.8 (11)1.9 (11)2.3 (10)1.7 (10)Table 5Age-adjusted years of life lost (per 1000 population) by cause of death in a suburban region of Kunming (females), 1998--2003.Cause of death1998 (rank)1999 (rank)2000 (rank)2001 (rank)2002 (rank)2003 (rank)Chronic obstructive pulmonary disease18.0 (1)17.4 (2)16.9 (2)16.4 (2)15.8 (2)15.2 (2)Stroke15.9 (2)17.7 (1)17.8 (1)17.9 (1)18.1 (1)18.4 (1)Ischaemic heart disease3.9 (4)4.6 (4)4.7 (3)5.0 (3)5.5 (3)6.1 (3)Self-inflicted injuries4.3 (3)4.9 (3)4.3 (4)4.9 (4)4.5 (4)4.3 (4)Road traffic accidents1.7 (12)1.6 (12)1.5 (14)1.5 (13)1.4 (13)1.3 (13)Lung cancer1.7 (11)1.7 (11)2.0 (11)1.3 (15)1.2 (15)1.7 (11)Drug use0.8 (27)0.7 (29)0.6 (28)0.5 (30)0.5 (31)0.4 (32)Stomach cancer2.6 (6)1.8 (10)2.2 (9)2.6 (7)2.0 (7)1.8 (10)Liver cancer2.2 (8)2.0 (9)2.1 (10)1.9 (10)2.3 (5)2.0 (8)Other malignant neoplasms1.8 (10)2.2 (8)2.0 (12)1.8 (11)1.8 (12)1.6 (12)Figure 1Age-adjusted years of life lost (YLL) due to non-communicable diseases and injuries for 1998--2003. \[COPD=chronic obstructive pulmonary disease.\]Figure 2Age-adjusted years of life lost (YLL) due to cancers for 1998--2003.

The 6-year study period was probably too short to show any trend in major cancers. Lung cancer and liver cancer were predominated by males. The rate fluctuated for lung cancer but showed a slight upward trend for males. Stomach cancer and other malignant neoplasms had relatively steady rates throughout the study period.

Discussion {#section0045}
==========

Between 1998 and 2003, the mortality burden pattern in the study area did not change to any remarkable extent. This study found that non-communicable diseases have been the major cause of premature mortality in this region, and they have been increasing slowly but steadily. There was predominance of males in overall YLL throughout the study period, although the rates were higher among females for some diseases such as COPD, stroke and self-inflicted injuries. Declining trends in YLL were seen for COPD, drug use and RTAs, and increasing trends in YLL were seen for IHD and male liver cancer. YLL due to stroke, self-inflicted injuries, lung cancer and stomach cancer fluctuated over time.

The finding that non-communicable diseases have been the major cause of premature mortality is consistent with other studies in China,[@bib4], [@bib10] as well as studies from other developed and developing countries.[@bib11], [@bib12] However, among the communicable diseases, the trends are quite different.

COPD is a major cause of death in this suburban region. In most parts of the world, COPD mortality is still increasing in response to past increases in smoking. It has been estimated that COPD accounts for 35% of all smoking-related deaths.[@bib13] Passive exposure to cigarette smoke increases the frequency of respiratory symptoms in adults.[@bib14] In the USA, COPD is a leading cause of death,[@bib15] and the annual COPD death rate has been increasing over the past 20 years.[@bib16] In the UK, male mortality from COPD has been decreasing for 30 years, while female mortality has risen steadily during the same period.[@bib17] In Australia, the per-capita mortality burden of COPD has decreased in males but increased substantially in females. The increasing trend in mortality due to COPD in females found in most developed countries[@bib18] is partly explained by the increasing numbers of female smokers in the preceding few decades. However, in the present study, premature mortality due to COPD showed a steady decline over time in both males and females. The 1996 national survey in China indicated that the prevalence of smoking was 34.1% (63% in men, 3.8% in women).[@bib19] A recent Chinese study indicated that the smoking rate has reduced significantly but was still over 60% in men.[@bib20] Kunming has the largest consumption of tobacco in China.[@bib21] The decrease in YLL due to COPD indicates that there has been some success in smoking control during the period of economic growth. However, the present study found that females had a slightly higher premature mortality burden due to COPD than males throughout the study period, highlighting the importance of risk factors other than smoking for COPD in women. Cooking indoors with biomass fuel is common in the study region, and women are usually more exposed to this risk factor. The use of solid fuel has also been shown to be an important risk factor for COPD.[@bib22] The nature of this additional aetiologic factor needs to be explored further.

This study found an increasing trend in YLL due to IHD, whereas YLL due to stroke fluctuated over time. Deaths due to stroke and IHD have been declining in most developed countries.[@bib23], [@bib24], [@bib25], [@bib26] Stroke mortality has been declining in mainland China, Singapore, Hong Kong, Cuba and Japan.[@bib27], [@bib28], [@bib29], [@bib30] IHD mortality has declined in Japan but is increasing in China and shows a plateau in Hong Kong.[@bib31], [@bib32], [@bib33] The contrast between these two diseases suggests that they have different aetiologies and that the control measures will require different approaches.

This study found that the premature mortality burden due to major cancers (stomach cancer, lung cancer and other malignant neoplasms) fluctuated over time. Liver cancer is one of the leading causes of cancer deaths in Asia. Its mortality had been decreasing in Korea and Japan[@bib34], [@bib35] before introduction of mass vaccination against hepatitis B.[@bib36] Unfortunately, this study and a previous Chinese study[@bib37] found that deaths due to liver cancer had not decreased in China. Similarly, the declining trend in stomach cancer mortality found in most Asian countries between 1950 and 1999[@bib38] was not seen in this region. Thus, to date, improvements in the Chinese economy have not been followed by an improvement in these two poverty-associated cancers. China may require a longer interval between economic growth and hygienic life style to reduce the transmission of carcinogenic organisms such as hepatitis viruses that cause cancer and helicobacter that leads to stomach cancer.[@bib39]

RTAs and self-inflicted injuries are important causes of YLL in the study region. In this study, self-inflicted injuries led to more premature deaths in females than males, whereas deaths due to RTAs were more common in males. Most developed countries, such as Sweden[@bib40] and Spain,[@bib41] exhibit a decreasing trend in RTA mortality, but the trend is increasing in developing countries, such as Thailand[@bib42] and China.[@bib43] Increased number of motor vehicles, speed, alcohol and a mixture of road users are known risk factors for RTAs in developing countries.[@bib44] In China, approximately 70% of RTAs are related to bicycles, and prehospital emergency treatment is an effective method to reduce RTA deaths.[@bib45] Despite the fact that economic growth has resulted in more high speed vehicles in China, the reduction in YLL due to RTAs indicates a positive trend in this context.

The trends in premature mortality burden observed in this study only cover a 6-year period. When more data become available, it will be important to see whether the trends persist over a longer period. Migration is a very important factor in determining mortality in some regions of the world.[@bib46], [@bib47] The rate was low in this study but may increase in the future and lead to changes in the mortality burden pattern.

In conclusion, while the mortality burden of COPD, drug use and RTAs has decreased in the study region, the burden of IHD is increasing, and the burden of liver and stomach cancer has not decreased in the same way as in more developed Asian countries. As such, these diseases need better control.
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